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[Abstract] 

The invention relates to technology for producing optical materials that are transparent in 
the ultraviolet, visible and infrared regions of the spectrum, namely highly pure solid crystals of 
fluorides of alkaline earth and rare earth metals, in particular magnesium fluoride. The method 
includes heating the starting materials, vacuum evaporation of it at a temperature of 1200- 
1300°C with a precipitation rate of the basic crystalline material of 0.6-2.4 mm/h on a substrate 
heated to 1 100-1 180°C, which is made of an amorphous material, for example carbon fiber 
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fabric. The resulting single crystals of magnesium fluoride are oriented in the plane, have 
improved strength and radiation resistance. 2 dependent claims, 2 illustrations, 1 table. 

The invention relates to the technology for production of optical materials that are 
transparent in the ultraviolet (UV), visible and infrared (IR) regions of the spectrum, namely for 
production of highly pure solid crystals of fluorides of alkaline earth and rare earth metals, in 
particular magnesium fluoride (MgF2). 

The following demands are made on optical crystalline materials: 

high transmittance in the UV, visible and IR regions of the spectrum; 

high mechanical strength; 

high resistance to electromagnetic and y-radiation; 

specified orientation of individual regions of the crystalline materials. 

There is a known method of growing crystals of alkaline earth and rare earth fluorides 
that involves heating the starting materials - a highly pure powder, for example magnesium 
fluoride - to a temperature above the melting point of the given material. A constant flow of 
hydrogen fluoride is created in the furnace. The crucible containing the melt is slowly advanced 
at a controlled speed through the field of the maximum temperature gradient into the 
crystallization zone. Single-crystal MgF 2 obtained by this method has high transmittance in the 
UV, visible and IR regions of the spectrum. In connection with the presence of the large 
temperature gradient in the growth zone - on the order of 400°C, the blanks come out in block 
shape with arbitrary orientation and are not uniform with regard to stresses within the material. 
In addition, in the course of growing them nonvolatile impurities are not removed and become 
unevenly distributed in the direction of crystal growth. This leads to a crystal with insufficient 
radiation resistance. 

There is a known method of purifying fluorides by sublimation of starting material heated 
in a platinum crucible in a stream of dry hydrogen fluoride. This method does not provide for the 
production of pure fluorides as more uniform single crystals, since oxygen-containing 
compounds are subject to fluorination and precipitate in the growth zone. The method is not 
applicable for the production of MgF 2 with a high growth rate. 

Closest to the disclosed invention with regard to technological process and totality of 
important characteristics is a method for producing an optical element that includes deposition of 
precalcined zinc sulfide onto a heated substrate by means of vacuum evaporation. The 
evaporation is carried out at a rate of 0.02-0.10 mm/h at an evaporation temperature of 1000- 
1080°C and a substrate temperature of 650-850°C. The substrate is made of polycrystalline zinc 
selenide. A structural optical element in the form of a disk with a protective layer of zinc sulfide 
that has high reliability in protecting the elements under unfavorable weather conditions is 
obtained by this method. 
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The described technological process does not allow a single crystal element of fluorides 
of alkaline earth metals, in particular MgF2, to be obtained because of the presence of large 
temperature gradient (up to 350°C). 

The task of the invention is the possibility of producing magnesium fluoride single 
crystals with improved strength and radiation resistance and also a crystal that is oriented in the 
plane. 

This task is solved with the aid of a method that consists of heating the starting material, 
vacuum evaporation of it at a controlled rate onto a heated substrate, and in which, in contrast to 
the prototype, powdered or crystalline magnesium fluoride is used as the starting material, 
evaporation is carried out at an evaporation temperature of 1200-1300°C at a rate of deposition 
of the basic crystalline substance (crystal growth) of 0.6-2.4 mm/h onto the substrate heated to 
1 100-1 1 80°C. In this case it is expedient to use a substrate of an amorphous material. Such a 
material can be a carbon fiber fabric. 

Also possible is a solution to this task using a substrate of the same crystalline material as 
the crystal being grown, with the specified orientation. However, making the substrate of an 
amorphous material is simpler and cheaper. Such material can be a ceramic (A1 2 0 3 ) or 
amorphous metal. 

With this method one obtains high strength and radiation-resistant material owing to the 
creation of a defect-free structure containing significantly pure impurities, in particular oxides, 
fluorides, carbides, etc. Purification of the basic substance is achieved owing to the elimination 
of impurities that have different degrees of volatility, since the basic substance has a greater 
degree of volatility than these impurities do. 

The resulting single crystal has orientation in the (1 10) plane perpendicular to the axis of 
growth, which is achieved by the realization of crystal orientation that is highly favorable for the 
standpoint of energy with precipitation of the substance from the vapor in a low temperature 
gradient zone (AT > 20-200°C) and also the use of a substrate of amorphous material. The 
amorphous material does not interact with the magnesium fluoride, does not have an energy 
effect on the growing crystal, since long-range-order forces are absent. 

The cleavage plane of the single crystal is perpendicular to the substrate, which from the 
standpoint of energy is very advantageous for orientation of the crystal relative to the substrate. 

This temperature regime is optimum for the production of single crystals of magnesium 
fluoride with high optical quality that are oriented in the (1 10) plane. The rate of condensation is 
selected and controlled experimentally. The temperature regimes are chosen by experimental 
means with the aid of the construction of a container corresponding to the setting of the heater, 
shields, and thermocouples. Here the substrate can be arranged both in direct proximity to the 
supplied starting material and at a maximum distance from it that is equal to 2.5 diameters of the 
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container, which supports the necessary temperature gradient. However, this distance should not 
exceed this maximum, since otherwise this will lead to contamination of the basic substance 
from the walls of the container. 

Figure 1 shows a general view of an evaporation-precipitation unit, which consists of 
container 1 with cover 2, under which substrate 4 is affixed with the aid of clamp ring 3. Single 
crystal 5 forms on substrate 4. The starting material 6 is placed at the bottom of container 1, 
coaxial to which in the direct proximity of its walls is situated heater 7. Shields 8 surround 
container 1 with heater 7. On the outside of the bottom of container 1 there is a thermocouple 9 
for heating the starting material 6, and near substrate 5 and the wall of the container 1 is a 
thermocouple 10 for heating the substrate 4. 

Figure 2 represents the dependence of the transmittance of single-crystal MgF2 on 
wavelength for different doses of y-radiation. Curves (a) and (b) are characteristics of the single 
crystal obtained by the proposed method at irradiation of 1.1 x 10 5 Gy and 5.1 x 10 5 Gy, 
respectively, while curves (c) and (d) are characteristics of a single crystal obtained by growing it 
from the melt for the same y-radiation values, respectively. 

The proposed method of producing MgF2 single crystals is carried out in the following 
way. Fragments of magnesium fluoride obtained from the melt are charged into quasi-closed 
container 1 with cover 2, which is made of graphite and covered with a layer of pyrocarbon. 
Substrate 4 of amorphous material, for example carbon fiber fabric, is positioned in the vicinity 
of cover 2 within the container with the aid of clamp ring 3, which is made of a neutral material, 
for example graphite. The thickness of the cloth is 0.8-15 mm, with thread thickness of 0.5- 

1 mm. The cloth that is chosen is pyrographitized cloth, type PGT. The specified 
temperature gradient is created by placing the container in the corresponding region of the 
formed temperature field by choosing the design of heater 7 and shield 8. The assembly is placed 
in a sealed chamber, in which a vacuum is created with the aid of prevacuum pumps and 
diffusion oil pumps. At room temperature a residual gas pressure P=0.1 Pa was achieved in the 
unit while at the evaporation temperature the vacuum was on the order of 1-10 Pa. The 
temperature regime is created with the aid of two thermocouples 9 and 10, which are respectively 
situated around the starting material 6 and substrate 4. Heating begins when the pressure P=0.1 
Pa is reached and continues for 8 to 12 hours. The length of the evaporation process is 8 to 24 
hours. At the optimum deposition rate of 0.6-2.4 mm/h a compact disk of MgF 2 single crystal 8- 
25 mm thick is obtained. When 1.5 kg crystal fragments of starting material were charged, a 
single-crystal disk 100 mm in diameter in 10 mm thick was obtained. 

The appearance of the single crystal is a disk 100 mm in diameter and 10 mm thick with 
the following characteristics: density 3.18 g/cm 3 ; microhardness 3.7 GPa; bending strength 
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55.5 MPa; crack resistance (Ki c ) 0.91 8 MPa • m , which confirms the high quality of the 
resulting MgF 2 single crystal. 

The results of specific conditions are summarized in the table. Of the examples in the 
table the following are nonoptimum: No. 1 - the evaporation and deposition temperatures are 
insufficient to obtain a stable product; Nos. 5 and 6 - the evaporation temperature exceeds the 
disclosed regime at the maximum temperature of the substrate and exceeds this level, which 
leads to deposition of coarse-block materials with disrupted orientation in individual regions; 

No. 7 - analog - crystals that are randomly oriented relative to the axis of growth 
obtained from the melt and have less strength and less radiation resistance, which is particularly 
noticeable from the coefficient from the transmittance in the 220-280 im region (see Figure 2). 
Crystals obtained under the optimum regime in accordance with the disclosed method (Examples 
2-4) have higher strength and radiation resistance and are strictly oriented perpendicular to the 
axis of growth. 

Properties were measured in correspondence with generally accepted techniques. The 
radiation resistance was determined by measuring x of samples after irradiation with ^Co y- 
radiation for 6-24 h. Transmittance coefficients of the materials were determined with the aid of 
SF-26 and IKF-20 spectrophotometers. Microhardness and crack resistance were determined on 
a PMT-3 microhardness gauge. The microhardness was determined at a load of IN, and a crack 
resistance at 5.6N. Bending strength was tested by four point bending on an Instron universal test 
machine. Samples for testing were made in the form of parallelepipeds. The density of the 
samples was determined by hydrostatic weighing in toluene. 

Claims 

1. A method of growing crystals from the vapor phase, which includes heating the 
starting material, vacuum evaporation of it at a controlled rate onto a heated substrate, which is 
distinguished by the fact as the starting material one uses a powder or broken crystals of 
magnesium fluoride, the evaporation is carried out in an evaporation temperature of 1200- 
1300°C with a rate of deposition of the basic crystal material of 0.6-2.4 mm/h onto substrate 
heated to 1100-1180°C. 

2. A method as in Claim 1, which is distinguished by the fact that deposition of the basic 
crystalline substance takes place onto a substrate make of an amorphous material. 

3. A method as in Claim 2, which is distinguished by the fact that deposition of the basic 
crystalline substance takes place onto a substrate make in the form of a segment of cloth of 
carbon fiber. 
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Key: 1 


Sample No. 


2 


Evaporation temperature, °C 


3 


Growth temperature, °C of substrate 


4 


Rate of deposition, mm/h (mass transfer, g/h) 


5 


Structure, average size, grain, mm (orientation parallel to substrate) 


6 


Bending strength, MPa (orientation to plane) 


7 


Transmittance after irradiation (d = 3 mm) 


8 


Single crystal from milk 


9 


Polycrystalline 


10 


Single crystal 


11 


Coarse-block, single-crystal 


12 


Gy 




Figure 1 
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saw* ormneowx garepManc* npospptaa ■ yre>- 
TpattMoneroBoji Bum** M mppaKpacM* oflnao- 
thx cnoTpa, a mmchho ocooonhctux Taepaux 
KpicrannoB cpTopMfloe menoHHO iQMBMM x m peo- 
msemtMu Merama. a sacraocrM (JnopnAa 
mmm. CnocoO Bunosaer Harpea mocoamto ma- 
repMana ero saKyywoe Mcnapeme rpt Tooiepa- 
iype 1200 - 1300°C co cmpoouo ocawnenm 
ocNcawro KpHoanrawearoro aetuecrea 06 - 24 
•aa/w Ha nonrmioce, karperofi ad 1100 - 1180°C 
Rorapaa Buromeita m aMopttMoro warepMana, 
Kanpuwp ncsNM K3 jmepoflHoro BonoKxa flwy- 
HeHHbie AaHHuu enocofou MOHMqxcrarmu (prop*- 
na Harm opMeHn^osaHbi a moaocm ofovtawr 
noBbuieftfcaw npoMMOcrwo m pajtMauHOHtOM ctom- 
Koohia 2 an <p-n* 2 m. 1 Ta6n 
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H3oGpeTenne othocwtcb it TexMonorww 
no/iyseHMP ormwecxHx MdTepua/iOB, npoapan- 
Hbix b ynbTpatjjMoneTOBOft (Y<D) bhammo* m mm- 
♦paxpacMoa (MK) o6nacn»x cnexrpa, a mmshmo 
x nwyneHMio oco5chmctux tbcpawx xpHcran- 
hob 4>Topvt40B meyiOMh03eMenbHi>ix m pcako- 
3eMe/ibHwx MeTa/inoB. b m3cthoctm 4>topka8 
MamMB iMgF^). 

K onTMMecxMM xpMCTan/iMHecxMM MaTepw- 
a/iaM npeAbflBnnioTCj) c/ieAyumwe Tpefxma- 

MHB* 

eucoxoe nponycxaHMe b y<|>-, bmammo* m 
MK-o6nacT»x cnexTpa; 

Bucoxa* MexdHMsecxan nposHOCTb; 

Bbicoxan ycTOANMBocTb x anexTpoMarHMT- 
HOMyii yiianyMeHMio: 

3aABHHa« opMeHTaqHP OTAe/ibHwx yMacr- 
xob xpMCTaiiiiimecxKix o6pa3uoB. 

Ul38ecTeH cnoco6 BupaiuMaaH^ii xpwcTa/i- 
noB me/iOHH03eMenbHbix m peAKoaeMe/ibMwx 
*topmaob. BKiiiwaiouiH* HarpeB mcxoahoto 
MarepHaha - BucoxoHMCToro nopoujxa. Ma- 
npMMep 4>TopwAa MarHvm, ao TeMnepaTypu, 
Buuie TeMnepaTypu nnaBiieMMsi ashhoto 
Tepwa/ia. B new co3A3«jt nocTo«HHua norox 
4>TOpMirroro BOAopoAa. Tnre/ib c pacnnaaoM 
MeAneMHO npoABMraxjT c xoMTpo/inpyeMoft 
cxopocTbio Mepe3 o6nacTb MaxcMManbMoro 
rpaAMBHTa TeMnepdTyp e 30My xpncTan/iM3a* 
Umm. MoHoxpwcTaiwwHCCXMft MgF 2 , nonyMeH- 
mu* AdHHbiM cnoco6oM. 06/iaAaeT bucokmm 
nponycxdHiieK; b VO-. bkahmoA b |/IK-o6/ia- 
ct«x cnexTpa. B cbsum c Ha/wMweM 6o/ibiuoro 
TeMnepaTypHoro rpaAMenTa b 30He pocTa - 
nopnAxa 400°C 3aroroBKH nonyvaKvrca 6/iom- 
humh c npoM3BonbHOM opweHTauMea m Meo- 

AMOpOAKbJMVI nO HanpflXGHMBM BHytpM 

MaTepnajia. KpoMe Toro, b xoAe BtipatuuBaHiia 
Me VAa/iAioTCR TpyAMOiieTy«we npMMecn. xoio- 
pwe HepaBHOMepHO pacnpeAe/iaioTc* no Ma- 
npaBneHMio pocTa xpMCTanna. 3to npwBcmm r 
MeAOCTaroMHOM paAwauuoMMoa cto*xoctm 
xpMCTa/i/ia. 

W3BecTeH cnoco6 omhctxm (Jjtopmaob ny- 
TeM B03roMXM HarpeToro b nnaTWHOBOM mrne 
ncxoAHOro Maiepwa^a b noTOxe cyxoro (|>TopM- 
CToro BOAopoAa. AaHHMA cnoco6 ne o6ecne- 
MMBaex no/iyneMye 6onee mwctmx <J>topmaob m 
6o/iee OAMopoAMwx MOHoxpwcTa/uiOB. rax xax 
XMUiopoACOAepxamwe coeAMMeMwi noABep- 
raiOTc* 4>TopHpo8aMMx> m oca*Aax>TCJi b 3ohb 
pocja. Cnoco6 Me np* M eHHM m* non^enm 

MgF 2 C BbJCOXO* CKOpOCTbK) POCT3. 

Hati6onee 6jjm3xmm k aaaeneHHOMy no 
rexHonoumecxoMy npoueccy. no cosoxynMO- 
ctm cymecroeMMbix npioMaxoa us/were* cno- 
co6 nonyveHMQ onTMMecxoro aneMeMTa 
Bxnxmioiuurt HaHeceHwe Ma Marpeiyio nor' 
zioacxy nyieM aa*yyMMoro ucnapeMM* npeABa- 
PMTe/ibMo npoxa«eMMoro cy/ib$HAa UMMxa. 



McnapeMMe hpo'boabt co cxopocT fcIO 0,02- 
S50«r n? C M TeMne P«W noA^o^cxH 650- 

^^^^^^ 

MewMft siieMeHT e bha6 amck 8 c aauiMTHUM 
cnoeM M3 limhks c bmcokThw^ 

HocTbio aa^HTu amenta np M paOore b He- 

H p n °" MC8HHUft TexHonorMHecKM<» npo M ecc 

Hux MeTan/ioa, b hbcthoctm M0F9 wa-a* 
6oflwu °"> ^enra renneX ^ 

3aABMeft M3o6peTeHMfl BBMeiai bosmoxc- 

HOCTU nOiiyMeHMA MOHOKPMCTBJWOB <t>TODttoa 

r 0 " CTOftKOCTfc » MarepMBflB. a tSScb 
opMeHTMpoBaHHoro b huockoctm KpncraW 

~n* * " 3aflaMa peujaeTC » c noMou«b» cno- 
xo. to? 10 ""* 3aw » 0 «« eT « » »arpeB8HM M M J- 
xoAHoro MaTepwaiia. ero bskwmhom 

25 McnapeH M Mcpery nM pyeMoflcKopocTl«Ha°a" 
rpeiyK) noAnoxcxy m b koto P om b othmmmm ot 

?nriT na,Mta,,eCTBe ^OAHoroMarepnana 
cooTBercTBeHMo Mcnonwywr nopouiKooSpas- 

HUM MUM KPHCTanilMHeCKMft <|>T0PMA MarHMfl 

30 HcnapeHMenpoBo^npMTe^epa^e M^na- 

MMA ocHOBHoro xpMCTafl/iMsecKoro Bemecraa 
(pocra xp M cTa/.i,a) 0.6-2.4 mm/m «a noflnoxcKe 

o^pmho McnoiibBOBarb noAno*icy M3 aMopA- 
Horo MarepMaw. Tbkmm MarepManoM mokbt 
ObiTb ntaMb M3 yraepOAMoro boaokhb. 

B03MOXHO peiueHMB noCTdMeHHOR 3a«a- 
MM M C MCn0ilb30BaHMeM riOA/lOXKM M3 TOTO xce 

,ipMCTa, " ,M, »ecwroMaTepMaaa.«rroMBbipaii4M- 
BaeMUH KpMCTanfl c 3babhhoA opMeHTauMeA. 
M 3 roTOBJieHM6 xce noAnoxcxM M3 iMop*Horo 
MarepMana bbabbtcb Oonee npocTWM m abuib- 
45 k UM cnoco6oM - TaKMM MaiepHanoM mokbt 

45 6b.Tb KBpaMMKa (Al 2 03). aMOptHblB M6TBA7IU. 

AaHHUM cnoco6oM no/iyMaeTCfl oco6o- 

npOHMUM M paAMaUMOHHO CTOAKMR MaTBpMBJI 
33 CMeT C03A8HMB 663A6«eiCTH0ft CTpyrwpbt 
50 "HfiV**"** :»*m*h»0 MBHblUB npMMB- 
8 M3CTH0CTM OKtMAOB. ♦TOpMAOB. MP 6m- 
T n 0MMCTK8 OCMOBHOrO BBIUBCTBa 
AOCTMraBTCR 38 MBT MCK/IIOMBHHfl npMMBCBA 

pa 3 H0i» CTBneHM neryiBCTM, tsk ksk ochobhob 

B6m6CTB0 OOnaAaBT eOflbUIBM CTBnBHbW /I6TV- 

» Mecro no OTMOUJ6HM10 k yxaaaHHUM rpmnbcrm 

noayvBHHblR M0H0KPMCT8JIA MM66T OpM- 

emauMK, B rwowtocTM (110). n6pn6HAM K y fl pp- 

0CM P0CT8, MTO AOCTMrBBTCfl nVTBM 

psajiMaauMM HaHGonee BbiroAnoft c a-spraTM- 

M6CK0R TOMRM SpBHMB «pMCTa7Wim6CKO« OpM- 
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eHtannM npw ocaxcAenww BeuieCTBa w3 na- 
pa b 30MC Manoro T^MnepaTypHoro rpaAweM- 
Ta (AT-20 200°C). a Taxxe Mcnonb30Banw» 
non/K>*ru M3 aMOp4»Horo Maiepnana. Amop4>- 
Hbifl MarepMaii Me B3awMOAewcTByeT c 4>T0pw- 
flOM MarHH9 » ne oraawsaeT m3 paciymww 

KpWCTa/IJl 3MepreTMMeCKOrO B03AeMCTBW». T3X 

rax oTCyTCTByiOT cwnu AanbMero nopxAKa. 

nnocKOCTb cnauMMOCTM MOHOxpwcTa/ina 
nepneHAMiey/iwpHa noA«>xxe, mo Haw6o/iee 
BwroAHO An* opweHTauuM xpwcTanna othocm- 
TenbMO noA/ioxxw c aHepreTMsecxow tomxw 
3peMMH.. 

yraaaHHwrt TeMnepaTypMbiw pexwM «Biia- 
eTCi? onTMManbMWM a*" no/iyncHM* Monorpw- 
CTannoB <t>Top*Aa MarHwa Bbicoxoro 
onTMMecKoro xaMecTBa. opweHTwpoBaHHoro b 
nnocxociw (1 10). CxopoCTb xoHAeHcauww noA- 
6npaeTC« w ynpaB/ineTCX axcneptiMeHTanbHO. 
TeMnepaTypHbie pexwMbi noAo6paHM axcne- 
pwMeHTa/ibMbiM nyTeM c noMombio xoHCTpyx- 
umm xbHTeflHepa. cooTeeTCTByiomeA 
yCTBMOBKH HarpeBaTenx, axpaHOB. TepMonap. 
npw 3tom noAfloxxa MtmeT pacnonararbc* 
xax a HenocpeACTBCMMOft 6nw30CTM ot 3arpy- 
*ewHoro cupbn. Tax w b MaxcwMaiibHOM yAa- 
newww ot Hero. cocTaBimiomeM 2.5 A*aMeTpa 
KOHieviHepa. mto o6ecne«4MBaeT Heo6xoA"Mbift 
TeMnepaTypHbtM rpaAMCHT. OAHaxo 3to pac- 
CTOflHue Me AO/iaKMO npeBwuiaTb yxaaaHHUft 
MaKCMMyM. Tax xax b npoTMBMOM caynae sto 
aeAeT k 3arp«3HeMMio ocnoBMoro eemecTBa ot 
cTeHOK KOHTeftnepa. 

Ha <t>w\ 1 wao6pax<eH o6mwft bma wcnapw- 
TenbHO-ocaAMTenbHOft ycTawoaxw, xoTOpaa co- 
AepxwT KOMTeftHep 1 c xputuxoft 2, noA 
kotopow c noMombJO npwxcwMHoro Konbua 3 
VKpenneHa noA*o*xa 4. Ha noA/ioxcxe 4 o6pa- 
3yeTC» MOHOKpMCTann 5. McxoAMoe cupbe 6 
noMeuiaeTcn Ha AHe xoHTefiHepa 1. xoaxcw- 
a/ibHO KOTopoMy b HenocpeACTBeHHOrt 6nw30- 
ct w ot ero ctchox pscnonoxeM HarpeeaTenb 7. 
3*paHw 8 oicpyxaiOT xoHTeftwep 1 c HarpeaaTe- 
neM 7. C Hapyxcnoft ctopohw AMa xoxTetiHepa 1 
ycTaHOB/ieHa TepMonapa 9 ah* HarpeeaHwa wc- 
xoAHoro Maiepwana 6, a B6nw3w noAnoxxM 5 a 
CTeHre KOHtertHepa 1 ycTaHoaneHa TepMonapa 
10 Ann pa3orpeaaHMn noAnoxtxw 4. 

Ha <J>w\ 2 M3o6paxeHa aaBwcwMOCTb npo- ( 
nycuaHwa MOHOxpwcTaaiiwMecxoro M9F2 ot « 
a/imhw BonHbi npw pa3nwMHUx Aoaax yo6iiy- 
MeHwn Kpwawe (a) w (6) - xapaxiepwcTMXii mo- 
HOKpucTa/ina. nonyMenHoro npeAiiaraeMbiM 
cnoco6oM npw oSnyneMww 1.1 -10 Cyw 
5,1 • 10 5 Cy cooTaeTCTBeHMO. a xpnawe (a) m 
(r) - xapaicTepMCTMifM MOMoxpwcTaniia, noil* 
yneHHoro BbipamMBaHMCM M3 pacnnaaa coot- 
aeTCTBeHHO npw Tex xce 3HaMeMW«x A03w 
^MS/iyMeMnq. 



npeAnaraRMwfl cnoto6 nonyMCMMP momO- 
xpucTannon MgF2 ocymecTanacrcfl cneAy«- 
muM o6pa30M. R KBaauiaMKHyTbift KOHTcAnep 
; c Kpwuixort 2. BwnonMeHHbiii W3 rpa^wia. 
5 • noxpbiToro c/ioeM nwpoyr/iepoAa, 3arpy^aiOT 
ockohkm nonyieHMoro ms pacnnaea 6 (JnopwAa 

MarHMfl. B6/IM3M KPUUIKM 2 BMyTpH KOMtei^He* 

pa c noMouibio npuxotMHoro xonbua 3. bmho/i- 
HeHHoro M3 H«ArpanbHoro MaTepnana. 
10 HanpMMep. rpa4>MTa ycTaHaa/itiBaeTCfl noA* 
noxcxa 4 U3 aMop4>Horo MaTepnana. HanpwMep 
TxaHM H3 yrnepoAMoro Boaoxiia. npw 3tom ton* 

mHH8 TK3MM COCTdB/IReT 0.8" 15 MM C TO/IIMM- 
HOH HMTM 0.5-1 MM. TxaHb GepCTCR 

15 nnporpa«t>MTM3MpoBaH na» MapxM flfl. 3aAan- 
HbiA rpaAMeHT TCMnepaTyp co3Aa>OT, noMe- 
ma» KOHTeMHep a cooTBercTByiomyio o6naeTb 
c^opMMpoaaHHoro Heo6xoAMMbiM o6pa30M 
TCMnepaTypnoro no/m nyjeM noA6opa xomct- 
20 pyKMMH HarpeBaTenn 7.M axpaHOB 8. CSopxa 
noMeiuaeTcn a repMOTM3wpOBaMMyio xaMepy. a 
kotopoA coaAaior BaxyyM c noMOtubio <J)opBa- 
xyyMHoro m AM4>^y3MOHMoro Mac/i«Mux naco- 
cob. npM KOMHdTHOA TeMnepaType a 
25 ycTdHoaxe AOCTMra/iM AaBneMwn ocTdTOMHbix 
ra3oa P'Kl.l Ha. npw TeMnepaType McnapeHwn 
BaxyyM cocTaa/iM aaiiMMMHy nopwa 1-10 ria. 
TeMneparypHbtA pexMM 3dAaiOT c noMotubK) 
AByx TepMonap 9 m 10, cooTBeTCTseHHO pacno- 
30 noxceHHwx oxono aarpyxceHHoro wcxoAHoro 
MaTepMana 6 m noAnoxcxM 4. HarpeaaHMe na* 
HMHaiOT npw AOCTMKeHMM ABBneHMR P«0 f 1 Ha 
h npoAO/ixcax)T a TeneHwe 8-12 nacoB. /Jnw- 
TenbHOCTb npouecca ncnapeHn« cocTaBimeT 
35 8-24 m. npM onTMMdAbHon cxopocTM ocaxtAe- 
hhh 0.6-2.4 mm/m nonysaiOT KOMnaxTHWfl amcx 
MOHOKpwcTannMMecxoroMgF2 to/hummoA 8-25 
mm. flpw aarpyaxe wcxoAMoro MaTepwana 1 ,5 
xr wa ocxo/iKOB xpwcTdAAa 6wn nonyMeH moho- 

40 KpWCTdflJtMHeCKMft amcx AMdMeTpOM 100 MM w 
TOAIUWHOA 10 MM. 

BnetuHwft BwAMOHOKpMCTan/ia-A"CK a«- 
aMeTpoM 100 x 10 mm c xapaxTepwcTwicaMw; 
n/iOTHOCTb 3,18 r/cM 3 ; MwxpoTBepAOCTb 3.7 
45 ma; npoMHOCTb na W3rw6 65,5 MHa; Tpeu4MMO- 
CTO«xocTb(Kic)0.918Mna * m ,/2 , MTonoATBep- 
xAaeT Bbicoxoe rasecTBO nonyneHHoro 
MOHoxpwcTanna MgF2. 

Peay/ibTdTM xoHxperHbix pexcwMoa cbcac- 
mu e Ta6iiwuy. 14a npWBeAeHHbix b Ta6nwqe 
npMMepoB HeonniMaiibHbJMw abasiiotcsi cneAy- 
K>mwe: W 1 - TeMnepaTypbi wcnapen wn w ocaxc- 
AeHwa HeAOCTaTOMHbi a»« nonyneHMa 
npoMHoro ofipaaua; hkt* 5 w 8 - TeMnepaTypa 
wcnapeHwa npe&uuiaeT aananeMMbifc pexciiM 
npw MaxcwMdnbHoA TeMnepaType noAflOXKM m 
npeauuiaeT 3TOT ypoBewb. 4to npwBOAMT x 
ocaxAewwio xpynMo6no»iMbix o6paauoB c na- 
pyuieHHOA opMewra uwe A 0TAe*bMwx ynacTKOB; 
t* 7 - awanor - wa pacnnaaa noiiyHaeTca npo- 



7 
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W3B0/lbH0 OpHeH THpOB3HHbIM OTHOCWTe/lbHO 

ocw poda. HMeeT MeHbiuyio npoMHoctb m Me- 
nee paAnauMOHHocroeK. htooco66hho 3aM6T- 
ho no CHMjtceHHK) K03<t><t>nuueATa 
nponycKaHMfl e o6nacTM 220-280 mkm (cm. 
<t)Mr. 2). KpwcTa»i/ibi. no/iyMeHHbie b onTWMa/ib- 
hom DcxuMe no 3a«eneHH0My cnoco6y (npw- 
Mepw 2-4) o6naAaK)T 6onee bwcokmmw 

npOMHOCTbK) H paAMaUMOHHOfl CTOftKOCTbK), 

CTporo opweHTMpOBaHw nepneHAMKynnpHO 
ocm pocTa. 

l43MepeHiie CBofldBa npoBOAnnn b coot- 

BeTCTBMM C oGmenpMHflTWMM MeTOAMIOMM. Pa- 

AMdMMOHHyio CTOMicocTb onpeAerqnw, 
M3Mep»n To5pa3uoB nocne o6/iyseHMn y-113- 



ns^eHneM Co b TeneHwe 6-24 m. Ko3<(>o>wum- 
em nponycKaHM» o6pa3uoB onpeAe/i»/in c no- 

MOlUbK) Cn6KTpO<)>0TOMeTpOB C<D-26 M 

HKC-29. OnpeAe/ieHMe MMscpoTsepAOCTw m 

5 TpemMHOCTO&KOCTM npOBOAM/IM Ha MUKpO- 

TBepAOMepe DMT-3. MwcpoTBepAOCTb onpe- 
Ae/iR/iw npw Harpy3Ke 1H, TpeiuMHocroMKOCTb 

npM 5,6H. flpOHHOCTb H3 W3rw6 KOHTpO/IMpOBa- 

/iM m6toaom HeTbipexTOMeMHoro M3rn6a Ha 
10 yHMBepca/ibHOfi McnbuaTe/ibHoft MaiuMHe 
"Instron". 06pa3uw A/ia McnbiraHMfl M3roTOB- 
/m/iM b 4>opMe napa/ine/iennneAOB. ri/toTHOCTb 
o6pa3MOB onpeAe/ifl/iM npw noMomw ruApo- 
CTaTMnecKoro B3BewwBaHMH & To/iyone. 



P* 


• «co.. *C 


T pocra «C 


CfOpOCTV OCMM- 

a»«n mm/«i 
(MacconepeMO- 
ca.r/-0 


Crpyvrypa. cpeANM» 
pasnep. aepMj. m 
(opMemaqwa napa*- 


npONMOCTbMa 

»urv6 MfU 
(optWHTamia 


n ponyc raMMa n 
(1- 


ocne o6nyM«MMt 








movho raanoxu) 


nnoc«ocm) 


1.1 10* Cy 


SI -i^Cy 


1 
1 
3 
4 
5 


1100 
1700 
1260 
1300 
1350 


1000 
1100 
1180 
1180 
1180 


0.0006(0.02) 
0,6(15) 
1.2f30) 
2.4(60) 
?.8f160) 


MoHORpMcraiu (110) 
MoMovpNCta/in (110) 
MoMotpuctaan (110) 
Kpyn no6 a onmmA 


~03(-) 
5.50(113) 
6.55(110) 
6.50(110)* 
6.00- (110) 


0 

25 
63 
60 
60 


0 

55 
50 
SO 


6 

T 


1350 
Monet pnc raJtn 

M3p4CfUUU 


1230 
1420 


6.0(150} 
(2-12) 


MOHOxpMcraAK 
RpynMo6AOHi«w« 
MONocpttcranji 

MOMOCpMCTUlK (-) 


5 .50 -(110) 
S.M(IIO) 


60 
39 


50 
32 



<D o p m y n a M3o6peieHwn 

1 CnOCOB BblPAli;t1BAHl4H KP14- 
CTAJ1J10& 143 flAPOBOfl OA3bl, bk/iio- 
naioujMft Harpea ucxoAHoro Marepwana. 
ero BaxyyMHoe ncnapeHwe * c pery/inpye- 
MOfl CKopocTbio Ha HarpeTyio n% yiotticy. 

OT/IMHa»IJUMftC« TeM, 4T0 B KdMei. I B6 WC- 

xoAHoro Maiepna/ia Hcnonb3ytoT nopoiuox 
m/im pa3APo6/teHHbie icpwcTa/i/ibi 4>TopMAa 
MarHns. McnapeHMe npoBOAflT npw TeMne- 
paiype wcnapeHnq 1200 - 1300'C co cko- 
pocTbto oca)KAeHMn ocnobhoi-o KpMC?a/i/iw- 



necKoro eeiMecTaa 0.6 - 2.4 mm/m H a 
noA^OKKe. HarpeTofl ao 1100 - 1180*C. 

2. Cnoco6 no n. 1 t OT/iMMaK)U4Mfto» 
TeM. mto ocaxAenwe ocHOBHoro KpwcTa/)- 
/wnecKoro BemeCTBa npow3BOA«T Ha noA- 
no*Ky, swnonHeHHyio M3 aMopo>Horo 
MaTepwana. 

3. Cnoco6 no n. 2, OT/MMaiouui&CA. 
TeM, •ffb ^oca)KAeHMe ocHOBHoro KpwcTa/i- 
/iMMecKoro aemecTBa npon3BOA»T Ha noA- 
no)KKy 4 auno/iHOHHyto b bmac 0Tpe3Ka 
TicaHM M3 yrnepoAHoro Bo/iOKHa. 
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